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(54) HIGH DENSITY POROUS BODY AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a porous body having high 
bulk density, uniform in pore diameter and capable of satisfactorily 
exhibiting its characteristics at the time of use as an adsorbent or a 
catalyst. 

SOLUTION: Alkoxysilane, water and a surfactant as starting materials 
are mixed so that the molar ratio of H20 to Si is regulated to ≤10 
and they are brought into a reaction to form a silica-surfactant 
composite. The surfactant is then removed from the composite to 
produce the objective high density porous body 1 having ≥0.5g/ cc 
bulk density. Pore diameter at the highest peak of the pore diameter 
distribution curve of the porous body 1 is within the range of 1-1 Onm 
and pores accounting for ≥60% of the total pare volume existing 
within the pore diameter range of (the pore diameter at the highest 
peak) ± 40%. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The high density porous body which 60% or more of total pore volume is contained in pole diameter within the 
limits of -40 - +40% of the pole diameter which is in within the limits whose pole diameter which shows the greatest 
peak in a pore-volume-distribution curve is 1-1 Onm, and shows the greatest peak in the above-mentioned 
pore-volume-distribution curve, and is further characterized by bulk density being 0.5g/cc or more. 
[Claim 2] The high density porous body characterized by amount-of-adsorption change when it is in within the limits 
whose pole diameter which shows the greatest peak in a pore-volume-distribution curve is 1-1 Onm and relative vapor 
pressure changes 0.2 times in steam adsorption isotherm having a part 0.1g [/cc ] or more. 

[Claim 3] The high density porous body characterized by having one or more peaks in whenever [ angle-of^diffraction / 
which is in within the limits whose pole diameter which shows the greatest peak in a pore-volume-distribution curve is 
1-1 Onm, and is equivalent to d value of 1nm or more within the limits in a powder X diffraction pattern ]. 
[Claim 4] The above-mentioned high density porous body is a high density porous body characterized by more than 
80wt% of the whole consisting of silicon and oxygen in any 1 term of claims 1-3. 

[Claim 5] The manufacture approach of the high density porous body which mix, and the alkoxysilane, the water, and 
the surfactant which are a raw material are made to react, forms a silica / surfactant complex, and is subsequently 
characterized by the H2 O/Si mole ratio in the above-mentioned raw material being ten or less in the approach of 
manufacturing a high density porous body by removing a surfactant from the above-mentioned silica / surfactant 
complex. 

[Claim 6] It is the manufacture approach of the high density porous body characterized by the above-mentioned 
alkoxysilane being a tetramethoxy silane in claim 5. 

[Claim 7] It is the manufacture approach of the high density porous body characterized by being the compound with 
which the above-mentioned surfactant has a long-chain alkyl group and a hydrophilic group in claim 5 or 6. 
[Claim 8] It is the manufacture approach of the high density porous body characterized by the above-mentioned 
surface active agent being alkyl trimethylammonium in claim 7. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a high density porous body usable as a catalyst which can be used for 
the adsorbent which can be used for recovery of a solvent, a gasoline, etc., adsorption heat pump, temperature control, 
water treatment, deordorization, etc., reforming, cracking of purification of exhaust gas, organic synthesis, and 
petroleum, etc., and its manufacture approach. 
[0002] 

[Description of the Prior Art] The porous body which is in the range especially whose pole diameter (the diameter of 
pore is meant in this specification.) is 1-1 Onm in a porous body, and is distributed over the range where the 
above-mentioned pole diameter is especially narrow is called a meso porous body. There is the approach of making a 
surfactant act on stratified silicate and manufacturing as the manufacture approach of the above-mentioned meso 
porous body, for example (JP,4-238810,A, JP,6-24867,A). Moreover, there is also a method of making a silica and Si 
alkoxide react with a surfactant, and manufacturing them (JP,5~503499,A). 
[0003] 

[Problem(s) to be Solved] However, by the conventional manufacture approach, only the small meso porous body of 
bulk density was able to be manufactured. Therefore, when these meso porous bodies were used as an adsorbent or a 
catalyst, the restoration container for holding an adsorbent or a catalyst etc. was able to be filled up only with the 
comparatively little meso porous body. In this case, the engine performance of the above-mentioned meso porous body 
was not able to be made to discover enough. 

[0004] Moreover, in order to make the engine performance of the above-mentioned meso porous body discover 
enough, enlarging the restoration container filled up with this meso porous body is also considered. However, the 
problem that the equipment (for example, adsorption heat pump) which contains this restoration container etc. will be 
enlarged because a restoration container etc. becomes large had arisen. 

[0005] In case bulk density is high, has a uniform pole diameter and uses this invention as an adsorbent or a catalyst in 
view of this trouble, it tends to offer the high density porous body which can discover the property enough, and its 
manufacture approach. 
[0006] 

[Means for Solving the Problem] 60% or more of total pore volume is contained in pole diameter within the limits of -40 
- +40% of the pole diameter which is in within the limits whose pole diameter which shows the greatest peak in a 
pore-volume-distribution curve is 1-1 Onm, and shows the greatest peak in the above-mentioned 
pore-volume-distribution curve, and the high density porous body further characterized by bulk density being 0.5g/cc 
or more has invention of claim 1. 

[0007] It explains below about an operation of this invention. The high density porous body of this invention has the 
above-mentioned description in the pore-volume-distribution curve mentioned later. Moreover, the bulk density is 
within the limits of specification. As the high density porous body which fulfills such conditions is shown in 
below-mentioned drawing 1 (a), it is constituted when the primary particles of the submicron order which has pore so 
much gather, and the clearance between these primary particles is very small, or hardly exists. 
[0008] On the other hand, the meso porous body with the conventional low bulk density mentioned above has the 
structure which had a big clearance among the primary particles of the same submicron order as the above, as shown 
in drawing 1 (b). An adsorption property or a catalyst property peculiar to the above-mentioned meso porous body etc. 
is mainly discovered by the pore inside a primary particle. The high density porous body of this invention has a very 
small clearance between the primary particles which are unrelated to the manifestation of an adsorption property or a 
catalyst property, or has the structure which hardly exists. For this reason, high structure of bulk density can be 
realized in the high density porous body of this invention, without spoiling an adsorption property or a catalyst property. 

[0009] As mentioned above, in case according to this invention bulk density is high, has a uniform pole diameter and 
uses it as an adsorbent or a catalyst, the high density porous body which can discover the property enough can be 
obtained. 

[0010] Moreover, the above is further explained to a detail. First, generally in the adsorption isotherm of the steam in a 
meso porous body, it is known that adsorption/desorption of a steam will occur [ relative vapor pressure (P/P0) ] 
rapidly in 0.1-0.81. And it can be drawn from the relation of the pole diameter and relative vapor pressure in the Kelvin 
equation whether the adsorption isotherm of a certain specific meso porous body fulfills the above-mentioned 
conditions. 

[001 1] The Kelvin equation is a formula showing the relation between the pore radius (r) of a meso porous body, and 
the relative vapor pressure (P/P0) from which an adsorbate starts capillary condensation, and the following (1) types 
can show here. 

ln(P/P0) =(2VLgammacostheta)/(rRT) ... (1) 

In addition, for molar volume when Above VL has a liquid adsorbate, and gamma, surface tension when an adsorbate is 
liquid, and theta are [ a gas constant and T of a contact angle and R ] absolute temperature. 

[0012] When an adsorbate is a steam, the numeric value of VL=18.05 and 10-6m3 / mol, gamma=72.59 and 10-3 N/m, 
R=8.3143 J/deg-mol, and theta= 0 can be substituted here at (1) type. Consequently, the above-mentioned (1) formula 
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is ln(P/PO) =-1.058/r used as the following (2) types... (2) 
In addition, the unit of r is nm. 

[0013] The above-mentioned (2) formula shows generating in the range of P/PO with narrower adsorption/desorption 
of a steam, when distributed over the range where a pole diameter is more narrow in pore volume distribution. That is, 
the difference of P/PO in adsorption isotherm adsorption starts P/P, and P/PO to which adsorption reached saturation 
is small. 

[0014] It is in within the limits the pole diameter of whose is 1-1 Onm in the high density porous body of this invention. 
And when a pole diameter is in the range which is 1-1 Onm from the above-mentioned (2) formula, it turns out that the 
range of P/PO which starts adsorption/desorption of the steam in adsorption isotherm is set to 0.12-0.81. This range is 
range which adsorption/desorption of a steam produce rapidly, as mentioned above. Thereby, it turns out that it has 
the property that the amount of adsorption changes a lot by the change of small P/PO with the high density porous 
body (P/PO setting in the range of 0.12-0.81) of this invention optimal as an adsorbent in adsorption heat pump, a 
thermoregulator, etc. 

[0015] In addition, it explains below per above-mentioned pore distribution curve. The above-mentioned 
pore-volume-distribution curve shows the curve which plotted the value (dV/dD) which differentiated the pore volume 
(V) of a meso porous body with the pole diameter (D) to the pole diameter (D) (refer to drawing 3 ). The 
above-mentioned pore-volume-distribution curve can be created by the gas adsorption method shown below. In 
addition, the gas best used in the describing [ above ] gas adsorption method is nitrogen. 

[001 6] First, at liquid nitrogen temperature (-1 96 degrees C), nitrogen gas is introduced and the target meso porous 
body is asked for the amount of adsorption in the amount method of constant volume, or a weight method. Then, the 
pressure of the nitrogen gas to introduce is made to increase gradually, and adsorption isotherm is created by plotting 
the amount of adsorption of nitrogen gas to each equilibrium pressure. Cranston-Inclay from this adsorption isotherm 

— law and Pollimore-Heal — drawing the above-mentioned pore-volume-distribution curve using the calculus of law 

— things are made. 

[0017] Next, the expression in above-mentioned claim 1 "60% or more of total pore volume is contained in the diameter 
range of +-40% of the diameter which shows the greatest peak in the above-mentioned pore-volume-distribution 
curve" is expressing the following conditions. For example, the meso porous body alpha from which the greatest peak in 
the pore-volume-distribution curve mentioned above is set to 2.7nm is assumed. It asks for the pore volume V which 
summed up the volume of the pore which has a pole diameter in the range of 1.62(= 2.7x0.6) -3.78(= 2.7x1.4) nm in this 
meso porous body alpha. On the other hand, in the above-mentioned meso porous body alpha, the grand total Vail of 
total pore volume is searched for. 

[0018] And when the value of V/Vall is more than 0.6 (60%) temporarily, it can be said that it is one of the high density 
porous bodies which require the above-mentioned meso porous body alpha for this invention. Or in the 
pore-volume-distribution curve of the above-mentioned meso porous body alpha, also when the integral value of the 
range where a pole diameter becomes 1.62-3.78nm is 60% or more of a total integral area of a pore-volume-distribution 
curve, it can be said that the above-mentioned meso porous body alpha is a high density porous body concerning this 
invention. 

[0019] Since the high density porous body of this invention which fulfills such conditions is distributed over the range 
where a pole diameter is narrow, it can acquire the effectiveness that the amount of adsorption changes a lot, to 
change of small P/PO. In addition, when contained less than 60% of total pore volume, the amount-of-adsorption 
change to change of P/PO is small in the diameter range of +-40% of the diameter which shows the greatest peak in 
the above-mentioned pore-volume-distribution curve, and a possibility that neither a gas conditioning function nor an 
adsorption heat pump property may be discovered enough is in it. 

[0020] Moreover, the bulk density of the high density porous body of this invention is 0.5g/cc or more. For this reason, 
in case the above-mentioned high density porous body is used as an adsorbent or a catalyst, a restoration container 
can be filled up with a lot of high density porous bodies as compared with the former. The manifestation of a thereby 
more high adsorption property or a catalyst property is attained. Or it becomes possible to make small the restoration 
container of a high density porous body etc., and the equipment which sets this restoration container etc. can be made 
small. 

[0021] In addition, when the above-mentioned bulk density is less than 0.5g/cc, in order to be able to fill up a 
restoration container etc. only with a little high density porous body, and not to fully discover a required property or to 
secure a required property, there is a possibility that it is necessary to enlarge a restoration container, and equipment 
may be enlarged, for example, mount may become difficult. 

[0022] As mentioned above, it turns out that the high density porous body of this invention has the outstanding 
effectiveness like the above so that it may be known. 

[0023] Next, it is desirable that amount-of-adsorption change when it is in within the limits whose pole diameter which 
shows the greatest peak in a pore-volume-distribution curve is 1-1 Onm like invention of claim 2 and relative vapor 
pressure changes 0.2 times in steam adsorption isotherm has a part 0.1 g [/cc ] or more. The effectiveness that 
humidity control and an adsorption heat pump property are discovered by the thereby more little porous body can be 
acquired. In addition, when the above-mentioned amount-of-adsorption change is less than 0.1g/cc, a lot of porous 
bodies are needed, and there is a possibility of producing the problem that a restoration container and the whole 
equipment are enlarged. 

[0024] With in addition, the above "amount-of-adsorption change when relative vapor pressure changes 0.2 times has a 
part 0.1g [/cc ] or more" When it presupposes that the amounts of adsorption in case relative vapor pressure (P/PO) 
is 0.1 and 0.3 are V0.1 =0.2g/cc and V0.3 =0.5g/cc, respectively in steam adsorption isotherm, It is the semantics of 
amount-of-adsorption change when relative vapor pressure changes 0.2 times being set to V0.3-V0.1 =0.3g/cc, and 
corresponding in "0.1g/cc or more." Change of relative vapor pressure may be good even in the range of 0 - 1 throat, 
and amount-of-adsorption change may be [ a part 0.1g //cc / or more ] a part of high density porous body. 
[0025] Next, it is desirable to have one or more peaks in whenever [ angle-of-diffraction / which is in within the limits 
whose pole diameter which shows the greatest peak in a pore-volume-distribution curve is 1-1 Onm like invention of 
claim 3, and is equivalent to d value of 1nm or more within the limits in a powder X diffraction pattern ]. This shows 
that the periodic crystal structure 1nm or more exists in a high density porous body, and is in the range whose pole 
diameter is 1-1 Onm, and shows that it is distribution with a uniform pole diameter. It turns out that it has the property 
which was excellent within the limits of P/PO with a narrow steam etc. by this as the adsorption heat pump of causing 
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** and desorption, or a gas conditioning agent. 

[0026] Next, as for the above-mentioned high density porous body, it is desirable like invention of claim 4 that more 
than 80wt% of the whole consists of silicon and oxygen. Thereby, association with an admolecule (for example, water 
molecule) and a porous body front face will become comparatively weak, and the molecule to which it stuck tends 
comparatively ] to ****, and it can repeat ** and desorption reversibly. In addition, when the content of silicon and 
oxygen is less than [ 80wt% ], by mixing a different element from silicon and oxygen, solid acid nature etc. is discovered 
by the front face and there is a possibility that an admolecule may not **** easily. 

[0027] Next, invention of claim 5 is mixed, makes the alkoxysilane, the water, and the surfactant which are a raw 
material react, forms a silica / surfactant complex, and is in the manufacture approach of the high density porous body 
characterized by the H2 O/Si mole ratio in the above-mentioned raw material being ten or less in the approach of 
subsequently manufacturing a high density porous body by removing a surfactant from the above-mentioned silica / 
surfactant complex. 

[0028] The above "the H2 O/Si mole ratio in a raw material" shows the ratio of the total amount of Si contained in 
other raw materials to the total amount of added H2 O in mixing of the above-mentioned raw material. When the above 
"an H2 O/Si mole ratio" is ten or less shows that the consistency of the manufactured porous body can be raised. In 
addition, the above "an H2 O/Si mole ratio" becomes [ alkoxysilane / the clearance between the particles of the 
generated silica which carries out hydrolysis and condensation ] large in being larger than 10, and there is a possibility 
that the consistency of the generated silica may fall, as a result. Therefore, there is a possibility that it may become 
impossible to obtain a high density porous body. 

[0029] Moreover, as for the minimum of the above "an H2 O/Si mole ratio", it is desirable that it is one or more. When 
the above-mentioned value is less than one, hydrolysis of alkoxysilane does not take place but there is a possibility 
that a silica may not be obtained as a result. Therefore, there is a possibility that it may become impossible to obtain a 
high density porous body. 

[0030] Next, it is desirable to add a surfactant, after adding water to alkoxysilane first and stirring at a room 
temperature especially as the mixed approach of the above-mentioned raw material for 10 minutes to 3 hours, although 
not limited. Moreover, as for the above-mentioned water, it is desirable that 0.5-10 mols add to one mol of silicon 
which the above-mentioned alkoxysilane contains. When alkoxysilane condenses slowly through a straight chain-like 
alkoxysilane polymerization object by this mixed approach, the organization of a precise silica is formed and the 
effectiveness that a consistency increases can be acquired. 

[0031] When the addition of the above-mentioned water is less than 0.5 mols, hydrolyzing [ of alkoxysilane ] becomes 
inadequate, the frame of a firm high density porous body is not formed, or there is a possibility that the consistency of 
a porous body may fall. On the other hand, when it adds more mostly than ten mols, hydrolysis and condensation of 
alkoxysilane are performed quickly and there is a possibility that the consistency of a rough next door high density 
porous body may fall [ a silica organization ]. 

[0032] Moreover, when the above-mentioned mixing time is less than 10 minutes, there is a possibility that the 
consistency of a high density porous body may fall. On the other hand, when 3 hours is exceeded, there is a possibility 
that uniform pore may not be formed. 

[0033] Furthermore, it is desirable to add a small amount of acid as a pH regulator in the case of the above-mentioned 
mixing. Thereby, it becomes easy to dissolve each component and becomes easy to prepare a uniform solution. And as 
for pH in the case of the above-mentioned mixing, it is desirable to be adjusted to the range of 1-4. When Above pH is 
less than one, hydrolysis and condensation advance quickly and there is a possibility that formation of uniform pore 
may be barred. Or there is a possibility that the consistency of the generated porous body may fall. On the other hand, 
when Above pH is larger than 4, the dissolution of each component is inadequate and there is a possibility that required 
hydrolysis may not be performed. Moreover, as the above-mentioned acid, although dilute hydrochloric acid (for 
example, two conventions) can be used, other acids, such as a sulfuric acid, are sufficient. 
[0034] Moreover, it may be made to dissolve in little water and the above-mentioned surfactant may be added, 
although you may add with powder. And as for the addition of the above-mentioned surfactant, it is desirable to add to 
one mol of Si contained in [ all ] a raw material, so that it may become 1-10 mols. When there are more additions of 
the above-mentioned surfactant than ten mols, the excessive surfactant which is not contributed to formation of the 
above-mentioned silica / surfactant complex is intermingled in the above-mentioned silica / surfactant complex, and or 
the consistency of a high density porous body falls, there is a possibility that a manufacturing cost may become high. 
[0035] On the other hand, when the above-mentioned addition is less than one mol, the silica of the surplus which does 
not contribute to formation of the above-mentioned silica / surfactant complex is intermingled in the above-mentioned 
silica / surfactant complex, the ratio of the part in which uniform pore is formed falls, and there is a possibility that a 
required function may not be discovered enough. Furthermore, the above-mentioned silica forms a thick layer in the 
front face of a silica/surfactant, and adheres to it, and there is also a possibility that the pore volume of the high 
density porous body obtained by this may decrease. 

[0036] Subsequently, a surfactant is removed from the above-mentioned silica / surfactant complex, and it is explained 
as a high density porous body per [ to make ] approach. That is, although the above-mentioned silica / surfactant 
complex are generated in the solution which mixed the raw material, first of all, a silica / surfactant complex is 
separated out of this solution. Then, a surfactant is removed from obtained independent silica / surfactant complex, 
and it makes with a high density porous body. It explains below about these processes. 

[0037] First, the solution containing a silica/surfactant is solidified while the whole solution had maintained the uniform 
condition gradually, when it was left as it is. Therefore, the above-mentioned solution becomes massive by leaving the 
above-mentioned solution in a well-closed container or an open container. It grinds, after drying the lump obtained by 
this. Furthermore, after that, it applies to a screen and the particle size of a grinding object is arranged. Thereby, the 
silica / surfactant complex of the shape of powder which has a desired particle size can be obtained. 
[0038] Moreover, on the substrate which consists of aluminum etc., the coat of the above-mentioned solution is carried 
out, and it is left. Thereby, it can solidify on a substrate and the above-mentioned solution can obtain film-like a silica / 
surfactant complex. In addition, as an approach of carrying out the coat of the solution to the above-mentioned 
substrate, a spin coat method, the casting method, a dip coating method, etc. can mention. 

[0039] next, the above — a surfactant is removed from the silica / surfactant complex of the shape of powdered or 
film, and it makes with a high density porous body. As this removal approach, the approach by baking and the approach 
of using a solvent mention, and it is ********, for example. First, the removal approach by baking is shown. The 
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above-mentioned silica / surfactant complex are preferably heated in 500 degrees C - 700 degrees C in 400 degrees C 
- 1000 degrees C. The above-mentioned heating time can remove a surfactant to extent which does not interfere on 
30 minutes or more, then practical use. However, in order to remove the above-mentioned surfactant completely, 
heating for 1 hour or more is more desirable than the above-mentioned silica / surfactant complex. 
[0040] Moreover, since temperature is too low when whenever [ above-mentioned stoving temperature ] is less than 
400 degrees C, there is a possibility that combustion removal of the surfactant cannot fully be carried out. Moreover, 
since temperature is too high when whenever [ above-mentioned stoving temperature ] exceeds 1000 degrees C, there 
is a possibility that pore structure may collapse. In addition, the ambient atmosphere which is in charge of the 
above-mentioned heating should just circulate air. However, since a lot of combustion gas occurs, it is more desirable 
to circulate inert gas, such as nitrogen gas, the early stages of heating. 

[0041] Next, the removal approach which uses a solvent is shown. First, the solvent which added the little cation 
component to the solvent with large solubility to a surfactant is created. The above-mentioned solvent is made to 
distribute the above-mentioned silica / surfactant complex, and it stirs. Thereby, a surfactant dissolves and dissociates 
from the above-mentioned silica / surfactant complex into a solvent. Then, solid content is collected from the 
above-mentioned solvent. It is the high density porous body for which the above-mentioned solid content asks. 
[0042] As the above-mentioned solvent, alcohol, such as ethanol and a methanol, an acetone, etc. can be used, for 
example. Moreover, in order to add the above-mentioned cation component to a solvent, it is desirable to add the 
following matter to this solvent. As the above-mentioned matter, a hydrochloric acid, an acetic acid, a sodium chloride, 
potassium chloride, etc. can be used. The above-mentioned surfactant can be separated from the above-mentioned 
silica / surfactant complex thereby much more efficiently. 

[0043] And as for the addition concentration of the above-mentioned cation, it is desirable to carry out in 0.1-10 
mols/l. to the above-mentioned solvent. When the above-mentioned addition concentration is less than 0.1 mols/l., 
separation of a surfactant is inadequate and there is a possibility that a surfactant may remain in a high density porous 
body. On the other hand, when the above-mentioned addition concentration is larger than I. ten mols /, there is a 
possibility of there being no effectiveness added more than it, and becoming cost quantity. Moreover, there is a 
possibility that the silica frame of a high density porous body may collapse. 

[0044] Next, as for the variance of a silica / surfactant complex to the above-mentioned solvent, it is desirable that 
they are 0.5-50g to 1 00 cc of solvents. In being less than 0.5g, the processing effectiveness of a silica / surfactant 
complex is bad, and there is a possibility that the cost and the manufacturing cost of a solvent may be applied. On the 
other hand, in [ than 50g ] more, separation of a surfactant is inadequate and there is a possibility that a surfactant 
may remain in a high density porous body. 

[0045] Moreover, it is desirable to perform stirring after making the above-mentioned solvent distribute a silica / 
surfactant complex in a 25-100-degree C temperature requirement. Thereby, the processing time can be shortened for 
separation of a surfactant. When the above-mentioned temperature is less than 25 degrees C, there is a possibility that 
compaction of the processing time may not be expected. On the other hand, when 100 degrees C is exceeded, the 
energy cost for heating starts or there is a possibility that the loss by volatilization of a solvent may increase. 
[0046] In addition, the above-mentioned high density porous body can be used as powder, and can be screened and 
fabricated in the configuration according to the purpose of use for every particle size of the. And the process of these 
sieving and shaping can be performed before the process which removes the above-mentioned surfactant. In this case, 
collapse of the pore at the time of shaping is barred, or the effectiveness that shaping reinforcement improves can be 
acquired. Moreover, after fabricating the above-mentioned silica/surfactant in the configuration finally demanded, a 
surfactant can be removed and it can also consider as a high density porous body. In this case, collapse of the pore at 
the time of shaping can be prevented. Moreover, shaping reinforcement can be raised. 

[0047] Next, as alkoxysilane in the above-mentioned raw material, alkyl alkoxysilane, such as a tetramethoxy silane, a 
tetra-ethoxy silane, tetra-propoxysilane, or methyl trimetoxysilane, etc. can be used. One kind or two kinds or more of 
such combination is sufficient. 

[0048] And as for especially the above-mentioned alkoxysilane, according to invention of claim 6, it is desirable that it 
is a tetramethoxy silane. A high density porous body can be manufactured thereby comparatively easily. 
[0049] Moreover, as for the above-mentioned surfactant, it is desirable like invention of claim 7 that it is the compound 
which has a long-chain alkyl group and a hydrophilic group. By using this compound, the effectiveness that the 
molecular assembly of a surfactant is formed in a reaction solution, and the 1-1 Onm uniform pore corresponding to the 
magnitude of that molecular assembly is formed in a high density porous body can be acquired. 
[0050] Moreover, as the above-mentioned alkyl group, the thing of 2-18 has a desirable carbon atomic number. By 
using the surfactant which consists of these alkyl groups, the effectiveness that the above-mentioned molecular 
assembly is formed efficiently can be acquired. In addition, when there are more above-mentioned carbon atomic 
numbers than 18, such a surfactant is not marketed but has a possibility that cost may start. Moreover, when a carbon 
atomic number is 1 (i.e., when the above-mentioned alkyl group is a methyl group), there is a possibility that the 
above-mentioned molecular assembly may be hard to be formed, and 1-1 Onm uniform pore may not be formed. 
Moreover, as the above-mentioned hydrophilic group, -N+3 (CH3), =N+2 (CH3), **N+**(CH3) N+, -NH2, -NO, -OH, 
-COOH, etc. are mentioned, for example. 

[0051] Next, as the above-mentioned surfactant, the compound shown in the following chemical formulas can be used. 
Moreover, it is desirable like invention of claim 8 as such a compound to use alkyl trimethylammonium. 
Cn H2n+1-N(CH3)3 X — n is the integer of 2-18 and X is halogenide ion, such as chloride ion and bromide ion, here. 
[0052] By using such a surfactant, the effectiveness that the molecular assembly of a surfactant is efficiently formed in 
a reaction solution, and the 1-1 Onm uniform pore corresponding to the molecular assembly is easy to be formed can be 
acquired. In addition, as an example of a surface active agent with the above-mentioned chemical formula, hexadecyl 
trimethylammonium chloride, tetradecyl trimethylammonium chloride, a DEDOSHIRU trimethylammonium star s picture, 
a DESHIRU trimethylammonium star's picture, an octyl trimethylammonium star's picture, etc. can be mentioned. 
[0053] 

[Embodiment of the Invention] 

It explains using drawing 1 - drawing 5 , and Table 1 about the high density porous body concerning the example of an 
operation gestalt of example of operation gestalt 1 this invention, its manufacture approach, and its engine 
performance. 60% or more of total pore volume is contained in pole diameter within the limits of -40 - +40% of the pole 
diameter which the high density porous body of this example has in within the limits whose pole diameter which shows 
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the greatest peak in a pore-volume-distribution curve is 1-1 Onm, and shows the greatest peak in the above-mentioned 
pore-volume-distribution curve, and bulk density is 0.5g/cc or more further. 

[0054] And as shown in drawing 1 (a), the high density porous body 1 which fulfills such conditions is constituted when 
the primary particles 1 1 of the submicron order which has pore so much gather, is very small, or hardly exists. [ of the 
clearance 10 between these primary particles 11 ] 

[0055] Moreover, in manufacturing the above-mentioned high density porous body 1 concerning this example, mix, the 
alkoxysilane, the water, and the surfactant which are a raw material are made to react, a silica / surfactant complex is 
formed, and, subsequently, a surfactant is removed from the above-mentioned silica / surfactant complex. And the H2 
O/Si mole ratio in the above-mentioned raw material is within the limits often or less. 

[0056] Next, lessons is taken for the samples 1 and 2 which are the high density porous bodies 1 concerning this 
invention, and the comparison samples CI and C2 which are the conventional meso porous bodies from the approach 
of carrying out an engine-performance comparison etc., and they are explained. It explains concretely per manufacture 
approach of the samples 1 and 2 which are the high density porous bodies 1 which start this invention first. 
[0057] About 0.1g of Water [ 3.6g and 2N ] hydrochloric acids was added to tetramethoxy silane (TMOS) 15.2g which is 
alkoxysilane, and it stirred at the room temperature for 1 hour. In the solution obtained by this addition and stirring, 
dodecyl trimethylammonium stars picture (DDTA) 7.71 g which is a surface active agent was added further, and it 
stirred violently for several minutes in it, and produced and cheated out of viscosity in it at the solution. Furthermore, 
the obtained solution was left in the well-closed container for two to three days. The transparent and uniform 
solid-state was obtained by the above. This solid-state is a silica / surfactant complex. 

[0058] The above-mentioned silica / surfactant complex were dried, it calcinated in air after that for 550 degrees C 
and 6 hours, and the surfactant was removed from this silica / surfactant complex. The solid-state obtained by the 
above-mentioned baking was ground, the screen was used, and step was kept with the particle size of 100-150 
micrometers. By the above, the high density porous body of the shape of powder with a particle size of 100-150 
micrometers was obtained. This is a high density porous body concerning a sample 1. In addition, the H2 O/Si ratio in 
the raw material in a sample 1 was 2. 

[0059] Moreover, in the above-mentioned manufacture approach, about 0.1g of Water [ 3.6g and 2N ] hydrochloric 
acids was added to TMOS15.2g, and mixture (DDTA7.71g and H2 03.6g) was added in the solution obtained by stirring 
at a room temperature for 1 hour. Other processes are the same as that of the above-mentioned sample 1 . The high 
density porous body obtained by this manufacture approach is a sample 2. And the H2 O/Si ratio in the raw material in 
a sample 2 was 4. 

[0060] Moreover, in the above-mentioned manufacture approach, about 0.1g of Water [ 3.6g and 2N ] hydrochloric 
acids was added to TMOS15.2g, and mixture (DDTA7.71g and H2 018g) was added in the solution obtained by stirring 
at a room temperature for 1 hour. Other processes are the same as that of the above-mentioned sample 1 . The meso 
porous body obtained by this manufacture approach is the comparison sample C1. And the H2 O/Si ratio in the raw 
material in the comparison sample 1 was 12. 

[0061] Moreover, in the above-mentioned manufacture approach, about 0.1 g of Water [ 3.6g and 2N ] hydrochloric 
acids was added to TMOS15.2g, and mixture (DDTA7.71g and H2 036g) was added in the solution obtained by stirring 
at a room temperature for 1 hour. Other processes are the same as that of a sample 1 . The meso porous body 
obtained by this manufacture approach is the comparison sample C2. And the H2 O/Si ratio in the raw material in the 
comparison sample 2 was 22. 

[0062] The bulk density and specific surface area of the samples 1 and 2 obtained by the above and the comparison 
samples C1 and C2 were measured, the above-mentioned bulk density — the weight and the volume of each samples 1 
and 2 and the comparison samples C1 and C2 — a weigher and a measuring cylinder — **** — it asked by things. It 
asked for the above-mentioned specific surface area with the BET one point method for BET method by the automatic 
specific-surface-area measuring device of Ohkurariken. The above-mentioned measurement result is shown in Table 1 . 

[0063] According to this table, it turned out that samples 1 and 2 have bulk density higher than the comparison 
samples C1 and C2. Moreover, it turned out that samples 1 and 2 have a specific surface area higher than the 
comparison samples C1 and C2. Therefore, it turned out that samples 1 and 2 are excellent in an adsorption property 
or a catalyst property as compared with the comparison samples C1 and C2. Moreover, since samples 1 and 2 had 
higher bulk density, it understood that it can be filled up with more amounts compared with the comparison samples C1 
and C2 when filling up the restoration container of this volume, and engine performance, such as an adsorption property 
or a catalyst property, can be made to discover enough. 

[0064] Next, the nitrogen adsorption isotherm, the pore-volume-distribution curve, the steam adsorption isotherm, and 
the powder X diffraction of a sample 1 were measured or calculated, and were shown in drawing 2 - drawing 5 . First, 
drawing 2 is nitrogen adsorption isotherm. This was measured by the amount method of constant volume in liquid 
nitrogen temperature. Moreover, drawing 3 is a pore distribution curve. Cranston-Incaly from the nitrogen adsorption 
isotherm which this showed to drawing 2 — it calculated using law. 

[0065] Moreover, drawing 4 is the steam constant-temperature line. This used BELSORP18 made from a Japanese 
bell, and measured it by the amount method of constant volume in 25 degrees C. Moreover, drawing 5 is a powder X 
diffraction pattern. This was obtained by scanning in a part for 2 times (2theta)/by making CuKalpha into X line source 
using physical science RAD-B equipment. In addition, slit width was -0.3mm [ per degree ] - 1 time. 
[0066] From the nitrogen adsorption isotherm of drawing 2 , the sample 1 showed adsorbent [ high ] from low relative 
vapor pressure (P/P0), was made into nitrogen gas (STP, standard conditions) by P/P 0= 0.2, and showed the amount 
of adsorption of 200 cc/g. This value showed that the pore volume of the high density porous body concerning a 
sample 1 was 0.31 cc/g. Next, the pore-volume-distribution curve of drawing 3 showed that the pole diameter of the 
high density porous body concerning a sample 1 was 1.5nm. 

[0067] By the steam adsorption isotherm of drawing 4 , the sample 1 showed the property that the amount of 
adsorption changes a lot within the limits of P/P0=0-0.3. The amounts of adsorption of the steam at the time of P/P 
0= 0.1 and P/P 0= 0.3 were 0.07 g/g and 0.28 g/g, respectively. By the 0.7 1g [/cc ] high density porous body, if it 
changes into the amount of adsorption per **, it will be set to cc in 0.05g /and cc and 0.2g /, and the difference will be 
set to cc in 0.1 5g /, respectively. That is, a sample 1 serves as a high density porous body of claim 2. And the 
constant-temperature line by the side of adsorption and desorption was mostly in agreement, and did not show a 
hysteresis. 
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[0068] Moreover, the 2nd steam adsorption isotherm (secondary) was measured using the same sample 1. However, 
adsorption of the 1 st steam adsorption isotherm (primary) and a steam since it was isomorphism-like mostly showed 
that the structure of a sample 1 did not change. 

[0069] In the powder X diffraction pattern of drawing 5 , a clear peak was not observed in the range whose angle of 
diffraction is one - 60 degrees. Therefore, it turned out that it does not have the crystal structure with a regular 
sample 1. 

[0070] As mentioned above, although it did not have a sample 1, as for the regular crystal structure, it was found by 
having the uniform pore centering on 1 .5nm, and high bulk density. 
[0071] 
[Table 1] 
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[0072] In the example 1 of an operation gestalt, the example of two examples of an operation gestalt is the 
manufacture approach of a different high density porous body, and, in separating the silica / surfactant complex 
generated in the solution which mixed the raw material, is the manufacture approach which adopted the approach of 
carrying out the coat of the solution to a substrate. 

[0073] About 0.1g of Water [ 3.6g and 2N ] hydrochloric acids was added to TMOS15.2g, and it stirred at the room 
temperature for 1 hour. In the solution obtained by this addition and stirring, DDTA7.71g was added further, and it 
stirred violently for several minutes in it, and produced and cheated out of viscosity in it at the solution. Furthermore, 
the coat of the obtained solution was carried out on the surface of the aluminum plate, and it was left at the room 
temperature on two to the 3rd. By the above, the uniform transparent membrane was obtained in the front face of the 
above-mentioned aluminum plate. This transparent membrane is a silica / surfactant complex. 
[0074] Then, the silica / surfactant complex which is the above-mentioned transparent membrane were dried, and, 
subsequently to the inside of air, it calcinated for 550 degrees C and 6 hours. By the above, the high density porous 
body concerning this invention was obtained. In addition, also in the manufacture approach of this example, the H2 O/Si 
ratio in the raw material was 2. Others are the same as that of the example 1 of an operation gestalt. 
[0075] The example of three examples of an operation gestalt is explained per engine performance of the samples 3 
and 4 manufactured using a different surfactant from the surfactant used for the samples 1 and 2 shown in the 
example 1 of an operation gestalt. It explains about the manufacture approach of samples 3 and 4. About 0.1g of Water 
[ 3.6g and 2N ] hydrochloric acids was added to TMOS15.2g, and it stirred at the room temperature for 1 hour. In the 
solution obtained by this addition and stirring, DESHIRU trimethylammonium star's picture (DTA) 7.01 g which is a 
surface active agent was added further, and it stirred violently for several minutes in it, and produced and cheated out 
of viscosity in it at the solution. Furthermore, the obtained solution was left in the well-closed container for two to 
three days. The transparent and uniform solid-state was obtained by the above. This solid-state is a silica / surfactant 
complex. 

[0076] The above-mentioned silica / surfactant complex were dried, it calcinated in air after that for 550 degrees C 
and 6 hours, and the surfactant was removed from this silica / surfactant complex. The solid-state obtained by the 
above-mentioned baking was ground, the screen was used, and step was kept with the particle size of 100-150 
micrometers. By the above, the high density porous body of the shape of powder with a particle size of 100-150 
micrometers was obtained. This is a high density porous body concerning a sample 3. In addition, the H2 O/Si ratio in 
the raw material in a sample 3 was 2. 

[0077] Moreover, octyl trimethylammonium stars picture (OTA) 6.31 g was added as a surface active agent in the 
solution obtained by the above-mentioned addition and stirring, it processed like the above in it, and the transparent 
and uniform solid-state was obtained in it. Furthermore, this solid-state was processed like the above and the 
powder-like high density porous body was obtained. This is a high density porous body concerning a sample 4. In 
addition, the H2 O/Si ratio in the raw material in a sample 4 was 2. 

[0078] And bulk density and specific surface area were measured by the same approach as the example 1 of an 
operation gestalt a sample 3 and per four. This result was shown in Table 2. According to this table, as a surfactant, 
when DTA and OTA were used, the high density porous body which was excellent like the example 1 of an operation 
gestalt was able to be obtained. 
[0079] 
[Table 2] 
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[0080] The example of four examples of an operation gestalt is the adsorption heat pump which used the high density 
porous body concerning this invention as an adsorbent, as shown in drawing 6 . In addition, although this example is a 
direct-vent-system adsorption pump, the high density porous body of this invention can be used as an adsorbent also 
in release type adsorption heat pump. 

[0081] Next, the direct- vent-system adsorption heat pump 2 of this example is explained. The above-mentioned 
adsorption heat pump 2 consists of piping 25, 27, and 28 and the bulb 26 which connect mutually an adsorber 21, an 
evaporator 22, a condenser 23, and these, as shown in drawing 6 . And the adsorbate circulates through between these. 

[0082] By switching the above-mentioned piping, the above-mentioned adsorbate faces to an adsorber 21 through the 
adsorption (Ads.) piping 28 in the state of a steam from an evaporator 22. Then, the above-mentioned adsorbate 
passes along the desorption (Des.) piping 25 from the above-mentioned adsorber 21, and circulates to a condenser 23. 
Furthermore, the above-mentioned adsorbate is again returned to an evaporator 22 via piping 27 from the 
above-mentioned condenser 23 after that. In addition, the piping 210,220,230 for heat exchange is formed in the interior 
of the above-mentioned adsorber 21, an evaporator 22, and a condenser 23. 

[0083] And the temperature of an adsorbent is made to go up and down according to the low temperature of 
temperature Ta and Treg (TaCTreg), and two hot heat sources. This repeats the cycle through which it circulates from 
adsorption to desorption. In addition, cold energy (Tcold) can obtain warm temperature (Th) by swerving, swerving and 
taking out a heat of adsorption [ in / for endoergic / in an evaporator 22 / an adsorber 21 ]. 

[0084] The adsorbent which consists of a high density porous body concerning this invention is installed in the interior 
of the above-mentioned adsorber 21 in the above-mentioned adsorption heat pump. Inside the above-mentioned 
adsorber 21, in order to make easy heat exchange between the above-mentioned adsorbent and a heat carrier, it 
arranges so that many metal fins may lap. The above-mentioned adsorbent can be made granular and the clearance 
between the above-mentioned metal fin and a metal fin can be filled up with it. Moreover, a coat can also be carried 
out to the front face of the above-mentioned metal fin. 

[0085] In addition, when carrying out the coat of the above-mentioned adsorbent to especially the above-mentioned 
metal fin, the coat of the adsorbent may be carried out to it to the metal fin simple substance before attachment by 
the adsorber 21, respectively. Moreover, after assembling an adsorber 21, the coat of the above-mentioned adsorbent 
can also be carried out to the metal fin of the interior. 

[0086] Since the high density porous body concerning this invention is used as an adsorbent according to this example, 

the effectiveness that high refrigerating capacity is discovered by use of a little adsorbent can be acquired. 

[0087] 

[Effect of the Invention] In case bulk density is high, has a uniform pole diameter and uses it as an adsorbent or a 
catalyst like the above according to this invention, the high density porous body which can discover the property 
enough, and its manufacture approach can be offered. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to a high density porous body usable as a catalyst which can be used for 
the adsorbent which can be used for recovery of a solvent, a gasoline, etc., adsorption heat pump, temperature control, 
water treatment, deordorization, etc., reforming, cracking of purification of exhaust gas, organic synthesis, and 
petroleum, etc., and its manufacture approach. 
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PRIOR ART 



[Description of the Prior Art] The porous body which is in the range especially whose pole diameter (the diameter of 
pore is meant in this specification.) is 1-1 Onm in a porous body, and is distributed over the range where the 
above-mentioned pole diameter is especially narrow is called a meso porous body. There is the approach of making a 
surfactant act on stratified silicate and manufacturing as the manufacture approach of the above-mentioned meso 
porous body, for example (JP,4~238810,A, JP,6-24867,A). Moreover, there is also a method of making a silica and Si 
alkoxide react with a surfactant, and manufacturing them (JP,5-503499,A). 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In case bulk density is high, has a uniform pole diameter and uses it as an adsorbent or a 
catalyst like the above according to this invention, the high density porous body which can discover the property 
enough, and its manufacture approach can be offered. 



[Translation done.] 



1 / 1 



2007/07/06 15:59 



JP,09-227249,A [TECHNICAL PROBLEM] 



http://www4jpdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved] However, by the conventional manufacture approach, only the small meso porous body of 
bulk density was able to be manufactured. Therefore, when these meso porous bodies were used as an adsorbent or a 
catalyst, the restoration container for holding an adsorbent or a catalyst etc. was able to be filled up only with the 
comparatively little meso porous body. In this case, the engine performance of the above-mentioned meso porous body 
was not able to be made to discover enough. 

[0004] Moreover, in order to make the engine performance of the above-mentioned meso porous body discover 
enough, enlarging the restoration container filled up with this meso porous body is also considered. However, the 
problem that the equipment (for example, adsorption heat pump) which contains this restoration container etc. will be 
enlarged because a restoration container etc. becomes large had arisen. 

[0005] In case bulk density is high, has a uniform pole diameter and uses this invention as an adsorbent or a catalyst in 
view of this trouble, it tends to offer the high density porous body which can discover the property enough, and its 
manufacture approach. 
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MEANS 



[Means for Solving the Problem] 60% or more of total pore volume is contained in pole diameter within the limits of -40 

— +40% of the pole diameter which is in within the limits whose pole diameter which shows the greatest peak in a 
pore-volume-distribution curve is 1-1 Onm, and shows the greatest peak in the above-mentioned 
pore-volume-distribution curve, and the high density porous body further characterized by bulk density being 0.5g/cc 
or more has invention of claim 1 . 

[0007] It explains below about an operation of this invention. The high density porous body of this invention has the 
above-mentioned description in the pore-volume-distribution curve mentioned later. Moreover, the bulk density is 
within the limits of specification. As the high density porous body which fulfills such conditions is shown in 
below-mentioned drawing 1 (a), it is constituted when the primary particles of the submicron order which has pore so 
much gather, and the clearance between these primary particles is very small, or hardly exists. 
[0008] On the other hand, the meso porous body with the conventional low bulk density mentioned above has the 
structure which had a big clearance among the primary particles of the same submicron order as the above, as shown 
in drawing 1 (b). An adsorption property or a catalyst property peculiar to the above-mentioned meso porous body etc. 
is mainly discovered by the pore inside a primary particle. The high density porous body of this invention has a very 
small clearance between the primary particles which are unrelated to the manifestation of an adsorption property or a 
catalyst property, or has the structure which hardly exists. For this reason, high structure of bulk density can be 
realized in the high density porous body of this invention, without spoiling an adsorption property or a catalyst property. 

[0009] As mentioned above, in case according to this invention bulk density is high, has a uniform pole diameter and 
uses it as an adsorbent or a catalyst, the high density porous body which can discover the property enough can be 
obtained. 

[0010] Moreover, the above is further explained to a detail. First, generally in the adsorption isotherm of the steam in a 
meso porous body, it is known that adsorption/desorption of a steam will occur [ relative vapor pressure (P/P0) ] 
rapidly in 0.1-0.81. And it can be drawn from the relation of the pole diameter and relative vapor pressure in the Kelvin 
equation whether the adsorption isotherm of a certain specific meso porous body fulfills the above-mentioned 
conditions. 

[001 1] The Kelvin equation is a formula showing the relation between the pore radius (r) of a meso porous body, and 
the relative vapor pressure (P/P0) from which an adsorbate starts capillary condensation, and the following (1) types 
can show here. 

ln(P/P0) =(2VLgammacostheta)/(rRT) ... (1) 

In addition, for molar volume when Above VL has a liquid adsorbate, and gamma, surface tension when an adsorbate is 
liquid, and theta are [ a gas constant and T of a contact angle and R ] absolute temperature. 

[0012] When an adsorbate is a steam, the numeric value of VL=18.05 and 10-6m3 / mol, gamma=72.59 and 10-3 N/m, 
R=8.3143 J/deg-mol, and theta= 0 can be substituted here at (1) type. Consequently, the above-mentioned (1) formula 
is ln(P/P0) =-1.058/r used as the following (2) types... (2) 
In addition, the unit of r is nm. 

[0013] The above-mentioned (2) formula shows generating in the range of P/P0 with narrower adsorption/desorption 
of a steam, when distributed over the range where a pole diameter is more narrow in pore volume distribution. That is, 
the difference of P/P0 in adsorption isotherm adsorption starts P/P, and P/P0 to which adsorption reached saturation 
is small. 

[0014] It is in within the limits the pole diameter of whose is 1-1 Onm in the high density porous body of this invention. 
And when a pole diameter is in the range which is 1-1 Onm from the above-mentioned (2) formula, it turns out that the 
range of P/P0 which starts adsorption/desorption of the steam in adsorption isotherm is set to 0.12-0.81. This range is 
range which adsorption/desorption of a steam produce rapidly, as mentioned above. Thereby, it turns out that it has 
the property that the amount of adsorption changes a lot by the change of small P/P0 with the high density porous 
body (P/P0 setting in the range of 0.12-0.81) of this invention optimal as an adsorbent in adsorption heat pump, a 
thermoregulator, etc. 

[0015] In addition, it explains below per above-mentioned pore distribution curve. The above-mentioned 
pore-volume-distribution curve shows the curve which plotted the value (dV/dD) which differentiated the pore volume 
(V) of a meso porous body with the pole diameter (D) to the pole diameter (D) (refer to drawing 3 ). The 
above-mentioned pore-volume-distribution curve can be created by the gas adsorption method shown below. In 
addition, the gas best used in the describing [ above ] gas adsorption method is nitrogen. 

[0016] First, at liquid nitrogen temperature (-196 degrees C), nitrogen gas is introduced and the target meso porous 
body is asked for the amount of adsorption in the amount method of constant volume, or a weight method. Then, the 
pressure of the nitrogen gas to introduce is made to increase gradually, and adsorption isotherm is created by plotting 
the amount of adsorption of nitrogen gas to each equilibrium pressure. Cranston-Inclay from this adsorption isotherm 

— law and Pollimore-Heal — drawing the above-mentioned pore-volume-distribution curve using the calculus of law 

— things are made. 

[0017] Next, the expression in above-mentioned claim 1 "60% or more of total pore volume is contained in the diameter 
range of +-40% of the diameter which shows the greatest peak in the above-mentioned pore-volume-distribution 
curve" is expressing the following conditions. For example, the meso porous body alpha from which the greatest peak in 
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the pore-volume-distribution curve mentioned above is set to 2.7nm is assumed. It asks for the pore volume V which 
summed up the volume of the pore which has a pole diameter in the range of 1.62(= 2.7x0.6) -3.78(= 2.7x1.4) nm in this 
meso porous body alpha. On the other hand, in the above-mentioned meso porous body alpha, the grand total Vail of 
total pore volume is searched for. 

[0018] And when the value of V/Vall is more than 0.6 (60%) temporarily, it can be said that it is one of the high density 
porous bodies which require the above-mentioned meso porous body alpha for this invention. Or in the 
pore-volume-distribution curve of the above-mentioned meso porous body alpha, also when the integral value of the 
range where a pole diameter becomes 1.62-3.78nm is 60% or more of a total integral area of a pore-volume-distribution 
curve, it can be said that the above-mentioned meso porous body alpha is a high density porous body concerning this 
invention. 

[001 9] Since the high density porous body of this invention which fulfills such conditions is distributed over the range 
where a pole diameter is narrow, it can acquire the effectiveness that the amount of adsorption changes a lot, to 
change of small P/P0. In addition, when contained less than 60% of total pore volume, the amount-of-adsorption 
change to change of P/P0 is small in the diameter range of +-40% of the diameter which shows the greatest peak in 
the above-mentioned pore-volume-distribution curve, and a possibility that neither a gas conditioning function nor an 
adsorption heat pump property may be discovered enough is in it. 

[0020] Moreover, the bulk density of the high density porous body of this invention is 0.5g/cc or more. For this reason, 
in case the above-mentioned high density porous body is used as an adsorbent or a catalyst, a restoration container 
can be filled up with a lot of high density porous bodies as compared with the former. The manifestation of a thereby 
more high adsorption property or a catalyst property is attained. Or it becomes possible to make small the restoration 
container of a high density porous body etc., and the equipment which sets this restoration container etc. can be made 
small. 

[0021] In addition, when the above-mentioned bulk density is less than 0.5g/cc, in order to be able to fill up a 
restoration container etc. only with a little high density porous body, and not to fully discover a required property or to 
secure a required property, there is a possibility that it is necessary to enlarge a restoration container, and equipment 
may be enlarged, for example, mount may become difficult. 

[0022] As mentioned above, it turns out that the high density porous body of this invention has the outstanding 
effectiveness like the above so that it may be known. 

[0023] Next, it is desirable that amount-of-adsorption change when it is in within the limits whose pole diameter which 
shows the greatest peak in a pore-volume-distribution curve is 1-1 Onm like invention of claim 2 and relative vapor 
pressure changes 0.2 times in steam adsorption isotherm has a part 0.1g [/cc ] or more. The effectiveness that 
humidity control and an adsorption heat pump property are discovered by the thereby more little porous body can be 
acquired. In addition, when the above-mentioned amount-of-adsorption change is less than 0.1g/cc, a lot of porous 
bodies are needed, and there is a possibility of producing the problem that a restoration container and the whole 
equipment are enlarged. 

[0024] With in addition, the above "amount-of-adsorption change when relative vapor pressure changes 0.2 times has a 
part 0.1g [/cc ] or more" When it presupposes that the amounts of adsorption in case relative vapor pressure (P/P0) 
is 0.1 and 0.3 are V0.1 =0.2g/cc and V0.3 =0.5g/cc, respectively in steam adsorption isotherm, It is the semantics of 
amount-of-adsorption change when relative vapor pressure changes 0.2 times being set to V0.3-V0.1 =0.3g/cc, and 
corresponding in "0.1g/cc or more." Change of relative vapor pressure may be good even in the range of 0 - 1 throat, 
and amount-ol^adsorption change may be [ a part 0.1 g //cc / or more ] a part of high density porous body. 
[0025] Next, it is desirable to have one or more peaks in whenever [ angle-of-diffraction / which is in within the limits 
whose pole diameter which shows the greatest peak in a pore-volume-distribution curve is 1-1 Onm like invention of 
claim 3, and is equivalent to d value of 1nm or more within the limits in a powder X diffraction pattern ]. This shows 
that the periodic crystal structure 1nm or more exists in a high density porous body, and is in the range whose pole 
diameter is 1-1 Onm, and shows that it is distribution with a uniform pole diameter. It turns out that it has the property 
which was excellent within the limits of P/P0 with a narrow steam etc. by this as the adsorption heat pump of causing 
** and desorption, or a gas conditioning agent. 

[0026] Next, as for the above-mentioned high density porous body, it is desirable like invention of claim 4 that more 
than 80wt% of the whole consists of silicon and oxygen. Thereby, association with an admolecule (for example, water 
molecule) and a porous body front face will become comparatively weak, and the molecule to which it stuck tends 
comparatively ] to ****, and it can repeat ** and desorption reversibly. In addition, when the content of silicon and 
oxygen is less than [ 80wt% ], by mixing a different element from silicon and oxygen, solid acid nature etc. is discovered 
by the front face and there is a possibility that an admolecule may not **** easily. 

[0027] Next, invention of claim 5 is mixed, makes the alkoxysilane, the water, and the surfactant which are a raw 
material react, forms a silica / surfactant complex, and is in the manufacture approach of the high density porous body 
characterized by the H2 O/Si mole ratio in the above-mentioned raw material being ten or less in the approach of 
subsequently manufacturing a high density porous body by removing a surfactant from the above-mentioned silica / 
surfactant complex. 

[0028] The above "the H2 O/Si mole ratio in a raw material" shows the ratio of the total amount of Si contained in 
other raw materials to the total amount of added H2 O in mixing of the above-mentioned raw material. When the above 
"an H2 O/Si mole ratio" is ten or less shows that the consistency of the manufactured porous body can be raised. In 
addition, the above "an H2 O/Si mole ratio" becomes [ alkoxysilane / the clearance between the particles of the 
generated silica which carries out hydrolysis and condensation ] large in being larger than 10, and there is a possibility 
that the consistency of the generated silica may fall, as a result. Therefore, there is a possibility that it may become 
impossible to obtain a high density porous body. 

[0029] Moreover, as for the minimum of the above "an H2 O/Si mole ratio", it is desirable that it is one or more. When 
the above-mentioned value is less than one, hydrolysis of alkoxysilane does not take place but there is a possibility 
that a silica may not be obtained as a result. Therefore, there is a possibility that it may become impossible to obtain a 
high density porous body. 

[0030] Next, it is desirable to add a surfactant, after adding water to alkoxysilane first and stirring at a room 
temperature especially as the mixed approach of the above-mentioned raw material for 10 minutes to 3 hours, although 
not limited. Moreover, as for the above-mentioned water, it is desirable that 0.5-10 mols add to one mol of silicon 
which the above-mentioned alkoxysilane contains. When alkoxysilane condenses slowly through a straight chain-like 
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alkoxysilane polymerization object by this mixed approach, the organization of a precise silica is formed and the 
effectiveness that a consistency increases can be acquired. 

[0031] When the addition of the above-mentioned water is less than 0.5 mols, hydrolyzing [ of alkoxysilane ] becomes 
inadequate, the frame of a firm high density porous body is not formed, or there is a possibility that the consistency of 
a porous body may fall. On the other hand, when it adds more mostly than ten mols, hydrolysis and condensation of 
alkoxysilane are performed quickly and there is a possibility that the consistency of a rough next door high density 
porous body may fall [ a silica organization ]. 

[0032] Moreover, when the above-mentioned mixing time is less than 10 minutes, there is a possibility that the 
consistency of a high density porous body may fall. On the other hand, when 3 hours is exceeded, there is a possibility 
that uniform pore may not be formed. 

[0033] Furthermore, it is desirable to add a small amount of acid as a pH regulator in the case of the above-mentioned 
mixing. Thereby, it becomes easy to dissolve each component and becomes easy to prepare a uniform solution. And as 
for pH in the case of the above-mentioned mixing, it is desirable to be adjusted to the range of 1-4. When Above pH is 
less than one, hydrolysis and condensation advance quickly and there is a possibility that formation of uniform pore 
may be barred. Or there is a possibility that the consistency of the generated porous body may fall. On the other hand, 
when Above pH is larger than 4, the dissolution of each component is inadequate and there is a possibility that required 
hydrolysis may not be performed. Moreover, as the above-mentioned acid, although dilute hydrochloric acid (for 
example, two conventions) can be used, other acids, such as a sulfuric acid, are sufficient. 

[0034] Moreover, it may be made to dissolve in little water and the above-mentioned surfactant may be added, 
although you may add with powder. And as for the addition of the above-mentioned surfactant, it is desirable to add to 
one mol of Si contained in [ all ] a raw material, so that it may become 1-10 mols. When there are more additions of 
the above-mentioned surfactant than ten mols, the excessive surfactant which is not contributed to formation of the 
above-mentioned silica / surfactant complex is intermingled in the above-mentioned silica / surfactant complex, and or 
the consistency of a high density porous body falls, there is a possibility that a manufacturing cost may become high. 
[0035] On the other hand, when the above-mentioned addition is less than one mol, the silica of the surplus which does 
not contribute to formation of the above-mentioned silica / surfactant complex is intermingled in the above-mentioned 
silica / surfactant complex, the ratio of the part in which uniform pore is formed falls, and there is a possibility that a 
required function may not be discovered enough. Furthermore, the above-mentioned silica forms a thick layer in the 
front face of a silica/surfactant, and adheres to it, and there is also a possibility that the pore volume of the high 
density porous body obtained by this may decrease. 

[0036] Subsequently, a surfactant is removed from the above-mentioned silica / surfactant complex, and it is explained 
as a high density porous body per [ to make ] approach. That is, although the above-mentioned silica / surfactant 
complex are generated in the solution which mixed the raw material, first of all, a silica / surfactant complex is 
separated out of this solution. Then, a surfactant is removed from obtained independent silica / surfactant complex, 
and it makes with a high density porous body. It explains below about these processes. 

[0037] First, the solution containing a silica/surfactant is solidified while the whole solution had maintained the uniform 
condition gradually, when it was left as it is. Therefore, the above-mentioned solution becomes massive by leaving the 
above-mentioned solution in a well-closed container or an open container. It grinds, after drying the lump obtained by 
this. Furthermore, after that, it applies to a screen and the particle size of a grinding object is arranged. Thereby, the 
silica / surfactant complex of the shape of powder which has a desired particle size can be obtained. 
[0038] Moreover, on the substrate which consists of aluminum etc., the coat of the above-mentioned solution is carried 
out, and it is left. Thereby, it can solidify on a substrate and the above-mentioned solution can obtain film-like a silica / 
surfactant complex. In addition, as an approach of carrying out the coat of the solution to the above-mentioned 
substrate, a spin coat method, the casting method, a dip coating method, etc. can mention. 

[0039] next, the above — a surfactant is removed from the silica / surfactant complex of the shape of powdered or 
film, and it makes with a high density porous body. As this removal approach, the approach by baking and the approach 
of using a solvent mention, and it is ********, for example. First, the removal approach by baking is shown. The 
above-mentioned silica / surfactant complex are preferably heated in 500 degrees C - 700 degrees C in 400 degrees C 
- 1000 degrees C. The above-mentioned heating time can remove a surfactant to extent which does not interfere on 
30 minutes or more, then practical use. However, in order to remove the above-mentioned surfactant completely, 
heating for 1 hour or more is more desirable than the above-mentioned silica / surfactant complex. 
[0040] Moreover, since temperature is too low when whenever [ above-mentioned stoving temperature ] is less than 
400 degrees C, there is a possibility that combustion removal of the surfactant cannot fully be carried out. Moreover, 
since temperature is too high when whenever [ above-mentioned stoving temperature ] exceeds 1000 degrees C, there 
is a possibility that pore structure may collapse. In addition, the ambient atmosphere which is in charge of the 
above-mentioned heating should just circulate air. However, since a lot of combustion gas occurs, it is more desirable 
to circulate inert gas, such as nitrogen gas, the early stages of heating. 

[0041] Next, the removal approach which uses a solvent is shown. First, the solvent which added the little cation 
component to the solvent with large solubility to a surfactant is created. The above-mentioned solvent is made to 
distribute the above-mentioned silica / surfactant complex, and it stirs. Thereby, a surfactant dissolves and dissociates 
from the above-mentioned silica / surfactant complex into a solvent. Then, solid content is collected from the 
above-mentioned solvent. It is the high density porous body for which the above-mentioned solid content asks. 
[0042] As the above-mentioned solvent, alcohol, such as ethanol and a methanol, an acetone, etc. can be used, for 
example. Moreover, in order to add the above-mentioned cation component to a solvent, it is desirable to add the 
following matter to this solvent. As the above-mentioned matter, a hydrochloric acid, an acetic acid, a sodium chloride, 
potassium chloride, etc. can be used. The above-mentioned surfactant can be separated from the above-mentioned 
silica / surfactant complex thereby much more efficiently. 

[0043] And as for the addition concentration of the above-mentioned cation, it is desirable to carry out in 0.1-10 
mols/l. to the above-mentioned solvent. When the above-mentioned addition concentration is less than 0.1 mols/l., 
separation of a surfactant is inadequate and there is a possibility that a surfactant may remain in a high density porous 
body. On the other hand, when the above-mentioned addition concentration is larger than I. ten mols /, there is a 
possibility of there being no effectiveness added more than it, and becoming cost quantity. Moreover, there is a 
possibility that the silica frame of a high density porous body may collapse. 

[0044] Next, as for the variance of a silica / surfactant complex to the above-mentioned solvent, it is desirable that 
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they are 0.5-50g to 100 cc of solvents. In being less than 0.5g, the processing effectiveness of a silica / surfactant 
complex is bad, and there is a possibility that the cost and the manufacturing cost of a solvent may be applied. On the 
other hand, in [ than 50g ] more, separation of a surfactant is inadequate and there is a possibility that a surfactant 
may remain in a high density porous body. 

[0045] Moreover, it is desirable to perform stirring after making the above-mentioned solvent distribute a silica / 
surfactant complex in a 25-100-degree C temperature requirement. Thereby, the processing time can be shortened for 
separation of a surfactant. When the above-mentioned temperature is less than 25 degrees C, there is a possibility that 
compaction of the processing time may not be expected. On the other hand, when 100 degrees C is exceeded, the 
energy cost for heating starts or there is a possibility that the loss by volatilization of a solvent may increase. 
[0046] In addition, the above-mentioned high density porous body can be used as powder, and can be screened and 
fabricated in the configuration according to the purpose of use for every particle size of the. And the process of these 
sieving and shaping can be performed before the process which removes the above-mentioned surfactant. In this case, 
collapse of the pore at the time of shaping is barred, or the effectiveness that shaping reinforcement improves can be 
acquired. Moreover, after fabricating the above-mentioned silica/surfactant in the configuration finally demanded, a 
surfactant can be removed and it can also consider as a high density porous body. In this case, collapse of the pore at 
the time of shaping can be prevented. Moreover, shaping reinforcement can be raised. 

[0047] Next, as alkoxysilane in the above-mentioned raw material, alkyl alkoxysilane, such as a tetramethoxy silane, a 
tetra-ethoxy silane, tetra-propoxysilane, or methyl trimetoxysilane, etc. can be used. One kind or two kinds or more of 
such combination is sufficient. 

[0048] And as for especially the above-mentioned alkoxysilane, according to invention of claim 6, it is desirable that it 
is a tetramethoxy silane. A high density porous body can be manufactured thereby comparatively easily. 
[0049] Moreover, as for the above-mentioned surfactant, it is desirable like invention of claim 7 that it is the compound 
which has a long-chain alkyl group and a hydrophilic group. By using this compound, the effectiveness that the 
molecular assembly of a surfactant is formed in a reaction solution, and the 1-1 Onm uniform pore corresponding to the 
magnitude of that molecular assembly is formed in a high density porous body can be acquired. 
[0050] Moreover, as the above-mentioned alkyl group, the thing of 2-18 has a desirable carbon atomic number. By 
using the surfactant which consists of these alkyl groups, the effectiveness that the above-mentioned molecular 
assembly is formed efficiently can be acquired. In addition, when there are more above-mentioned carbon atomic 
numbers than 1 8, such a surfactant is not marketed but has a possibility that cost may start. Moreover, when a carbon 
atomic number is 1 (i.e., when the above-mentioned alkyl group is a methyl group), there is a possibility that the 
above-mentioned molecular assembly may be hard to be formed, and 1-1 Onm uniform pore may not be formed. 
Moreover, as the above-mentioned hydrophilic group, -N+3 (CH3), =N+2 (CH3), **N+**(CH3) N+, -NH2, -NO, -OH, 
-COOH, etc. are mentioned, for example. 

[0051] Next, as the above-mentioned surfactant, the compound shown in the following chemical formulas can be used. 
Moreover, it is desirable like invention of claim 8 as such a compound to use alkyl trimethylammonium. 
Cn H2n+1-N(CH3)3 X — n is the integer of 2-18 and X is halogenide ion, such as chloride ion and bromide ion, here. 
[0052] By using such a surfactant, the effectiveness that the molecular assembly of a surfactant is efficiently formed in 
a reaction solution, and the 1-1 Onm uniform pore corresponding to the molecular assembly is easy to be formed can be 
acquired. In addition, as an example of a surface active agent with the above-mentioned chemical formula, hexadecyl 
trimethylammonium chloride, tetradecyl trimethylammonium chloride, a DEDOSHIRU trimethylammonium star's picture, 
a DESHIRU trimethylammonium star's picture, an octyl trimethylammonium star's picture, etc. can be mentioned. 
[0053] 

[Embodiment of the Invention] 

It explains using drawing 1 - drawing 5 , and Table 1 about the high density porous body concerning the example of an 
operation gestalt of example of operation gestalt 1 this invention, its manufacture approach, and its engine 
performance. 60% or more of total pore volume is contained in pole diameter within the limits of -40 - +40% of the pole 
diameter which the high density porous body of this example has in within the limits whose pole diameter which shows 
the greatest peak in a pore-volume-distribution curve is 1-1 Onm, and shows the greatest peak in the above-mentioned 
pore-volume-distribution curve, and bulk density is 0.5g/cc or more further. 

[0054] And as shown in drawing 1 (a), the high density porous body 1 which fulfills such conditions is constituted when 
the primary particles 1 1 of the submicron order which has pore so much gather, is very small, or hardly exists. [ of the 
clearance 10 between these primary particles 1 1 ] 

[0055] Moreover, in manufacturing the above-mentioned high density porous body 1 concerning this example, mix, the 
alkoxysilane, the water, and the surfactant which are a raw material are made to react, a silica / surfactant complex is 
formed, and, subsequently, a surfactant is removed from the above-mentioned silica / surfactant complex. And the H2 
O/Si mole ratio in the above-mentioned raw material is within the limits often or less. 

[0056] Next, lessons is taken for the samples 1 and 2 which are the high density porous bodies 1 concerning this 
invention, and the comparison samples CI and C2 which are the conventional meso porous bodies from the approach 
of carrying out an engine-performance comparison etc., and they are explained. It explains concretely per manufacture 
approach of the samples 1 and 2 which are the high density porous bodies 1 which start this invention first. 
[0057] About 0.1g of Water [ 3.6g and 2N ] hydrochloric acids was added to tetramethoxy silane (TMOS) 15.2g which is 
alkoxysilane, and it stirred at the room temperature for 1 hour. In the solution obtained by this addition and stirring, 
dodecyl trimethylammonium star's picture (DDTA) 7.7 1g which is a surface active agent was added further, and it 
stirred violently for several minutes in it, and produced and cheated out of viscosity in it at the solution. Furthermore, 
the obtained solution was left in the well-closed container for two to three days. The transparent and uniform 
solid-state was obtained by the above. This solid-state is a silica / surfactant complex. 

[0058] The above-mentioned silica / surfactant complex were dried, it calcinated in air after that for 550 degrees C 
and 6 hours, and the surfactant was removed from this silica / surfactant complex. The solid-state obtained by the 
above-mentioned baking was ground, the screen was used, and step was kept with the particle size of 100-150 
micrometers. By the above, the high density porous body of the shape of powder with a particle size of 100-150 
micrometers was obtained. This is a high density porous body concerning a sample 1. In addition, the H2 O/Si ratio in 
the raw material in a sample 1 was 2. 

[0059] Moreover, in the above-mentioned manufacture approach, about 0.1g of Water [ 3.6g and 2N ] hydrochloric 
acids was added to TMOS15.2g, and mixture (DDTA7.71g and H2 03.6g) was added in the solution obtained by stirring 
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at a room temperature for 1 hour. Other processes are the same as that of the above-mentioned sample 1 . The high 
density porous body obtained by this manufacture approach is a sample 2. And the H2 O/Si ratio in the raw material in 
a sample 2 was 4. 

[0060] Moreover, in the above-mentioned manufacture approach, about 0.1 g of Water [ 3.6g and 2N ] hydrochloric 
acids was added to TMOS15.2g, and mixture (DDTA7.71g and H2 018g) was added in the solution obtained by stirring 
at a room temperature for 1 hour. Other processes are the same as that of the above-mentioned sample 1 . The meso 
porous body obtained by this manufacture approach is the comparison sample C1. And the H2 O/Si ratio in the raw 
material in the comparison sample 1 was 12. 

[0061] Moreover, in the above-mentioned manufacture approach, about 0.1g of Water [ 3.6g and 2N ] hydrochloric 
acids was added to TMOS15.2g, and mixture (DDTA7.71g and H2 036g) was added in the solution obtained by stirring 
at a room temperature for 1 hour. Other processes are the same as that of a sample 1 . The meso porous body 
obtained by this manufacture approach is the comparison sample C2. And the H2 O/Si ratio in the raw material in the 
comparison sample 2 was 22. 

[0062] The bulk density and specific surface area of the samples 1 and 2 obtained by the above and the comparison 
samples C1 and C2 were measured, the above-mentioned bulk density — the weight and the volume of each samples 1 
and 2 and the comparison samples C1 and C2 — a weigher and a measuring cylinder — **** — it asked by things. It 
asked for the above-mentioned specific surface area with the BET one point method for BET method by the automatic 
specific-surface-area measuring device of Ohkurariken. The above-mentioned measurement result is shown in Table 1. 

[0063] According to this table, it turned out that samples 1 and 2 have bulk density higher than the comparison 
samples C1 and C2. Moreover, it turned out that samples 1 and 2 have a specific surface area higher than the 
comparison samples C1 and C2. Therefore, it turned out that samples 1 and 2 are excellent in an adsorption property 
or a catalyst property as compared with the comparison samples C1 and C2. Moreover, since samples 1 and 2 had 
higher bulk density, it understood that it can be filled up with more amounts compared with the comparison samples C1 
and C2 when filling up the restoration container of this volume, and engine performance, such as an adsorption property 
or a catalyst property, can be made to discover enough. 

[0064] Next, the nitrogen adsorption isotherm, the pore-volume-distribution curve, the steam adsorption isotherm, and 
the powder X diffraction of a sample 1 were measured or calculated, and were shown in drawing 2 - drawing 5 . First, 
drawing 2 is nitrogen adsorption isotherm. This was measured by the amount method of constant volume in liquid 
nitrogen temperature. Moreover, drawing 3 is a pore distribution curve. Cranston-Incaly from the nitrogen adsorption 
isotherm which this showed to drawing 2 — it calculated using law. 

[0065] Moreover, drawing 4 is the steam constant^temperature line. This used BELSORP18 made from a Japanese 
bell, and measured it by the amount method of constant volume in 25 degrees C. Moreover, drawing 5 is a powder X 
diffraction pattern. This was obtained by scanning in a part for 2 times (2theta)/by making CuKalpha into X line source 
using physical science RAD-B equipment. In addition, slit width was -0.3mm [ per degree ] - 1 time. 
[0066] From the nitrogen adsorption isotherm of drawing 2 , the sample 1 showed adsorbent [ high ] from low relative 
vapor pressure (P/P0), was made into nitrogen gas (STP, standard conditions) by P/P 0= 0.2, and showed the amount 
of adsorption of 200 cc/g. This value showed that the pore volume of the high density porous body concerning a 
sample 1 was 0.31 cc/g. Next, the pore-volume-distribution curve of drawing 3 showed that the pole diameter of the 
high density porous body concerning a sample 1 was 1.5nm. 

[0067] By the steam adsorption isotherm of drawing 4 , the sample 1 showed the property that the amount of 
adsorption changes a lot within the limits of P/P0=0-0.3. The amounts of adsorption of the steam at the time of P/P 
0= 0.1 and P/P 0= 0.3 were 0.07 g/g and 0.28 g/g, respectively. By the 0.71g [/cc ] high density porous body, if it 
changes into the amount of adsorption per **, it will be set to cc in 0.05g /and cc and 0.2g /, and the difference will be 
set to cc in 0.1 5g /, respectively. That is, a sample 1 serves as a high density porous body of claim 2. And the 
constant-temperature line by the side of adsorption and desorption was mostly in agreement, and did not show a 
hysteresis. 

[0068] Moreover, the 2nd steam adsorption isotherm (secondary) was measured using the same sample 1. However, 
adsorption of the 1 st steam adsorption isotherm (primary) and a steam since it was isomorphism-like mostly showed 
that the structure of a sample 1 did not change. 

[0069] In the powder X diffraction pattern of drawing 5 , a clear peak was not observed in the range whose angle of 
diffraction is one - 60 degrees. Therefore, it turned out that it does not have the crystal structure with a regular 
sample 1. 

[0070] As mentioned above, although it did not have a sample 1 , as for the regular crystal structure, it was found by 
having the uniform pore centering on 1.5nm, and high bulk density. 
[0071] 
[Table 1] 
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[0072] In the example 1 of an operation gestalt, the example of two examples of an operation gestalt is the 
manufacture approach of a different high density porous body, and, in separating the silica / surfactant complex 
generated in the solution which mixed the raw material, is the manufacture approach which adopted the approach of 
carrying out the coat of the solution to a substrate. 
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[0073] About 0.1g of Water [ 3.6g and 2N ] hydrochloric acids was added to TMOS15.2g, and it stirred at the room 
temperature for 1 hour. In the solution obtained by this addition and stirring, DDTA7.71g was added further, and it 
stirred violently for several minutes in it, and produced and cheated out of viscosity in it at the solution. Furthermore, 
the coat of the obtained solution was carried out on the surface of the aluminum plate, and it was left at the room 
temperature on two to the 3rd. By the above, the uniform transparent membrane was obtained in the front face of the 
above-mentioned aluminum plate. This transparent membrane is a silica / surfactant complex. 
[0074] Then, the silica / surfactant complex which is the above-mentioned transparent membrane were dried, and, 
subsequently to the inside of air, it calcinated for 550 degrees C and 6 hours. By the above, the high density porous 
body concerning this invention was obtained. In addition, also in the manufacture approach of this example, the H2 O/Si 
ratio in the raw material was 2. Others are the same as that of the example 1 of an operation gestalt. 
[0075] The example of three examples of an operation gestalt is explained per engine performance of the samples 3 
and 4 manufactured using a different surfactant from the surfactant used for the samples 1 and 2 shown in the 
example 1 of an operation gestalt. It explains about the manufacture approach of samples 3 and 4. About 0.1g of Water 
[ 3.6g and 2N ] hydrochloric acids was added to TMOS15.2g, and it stirred at the room temperature for 1 hour. In the 
solution obtained by this addition and stirring, DESHIRU trimethylammonium star's picture (DTA) 7.01 g which is a 
surface active agent was added further, and it stirred violently for several minutes in it, and produced and cheated out 
of viscosity in it at the solution. Furthermore, the obtained solution was left in the well-closed container for two to 
three days. The transparent and uniform solid-state was obtained by the above. This solid-state is a silica / surfactant 
complex. 

[0076] The above-mentioned silica / surfactant complex were dried, it calcinated in air after that for 550 degrees C 
and 6 hours, and the surfactant was removed from this silica / surfactant complex. The solid-state obtained by the 
above-mentioned baking was ground, the screen was used, and step was kept with the particle size of 100-150 
micrometers. By the above, the high density porous body of the shape of powder with a particle size of 100-150 
micrometers was obtained. This is a high density porous body concerning a sample 3. In addition, the H2 O/Si ratio in 
the raw material in a sample 3 was 2. 

[0077] Moreover, octyl trimethylammonium star's picture (OTA) 6.31 g was added as a surface active agent in the 
solution obtained by the above-mentioned addition and stirring, it processed like the above in it, and the transparent 
and uniform solid-state was obtained in it. Furthermore, this solid-state was processed like the above and the 
powder-like high density porous body was obtained. This is a high density porous body concerning a sample 4. In 
addition, the H2 O/Si ratio in the raw material in a sample 4 was 2. 

[0078] And bulk density and specific surface area were measured by the same approach as the example 1 of an 

operation gestalt a sample 3 and per four. This result was shown in Table 2. According to this table, as a surfactant, 

when DTA and OTA were used, the high density porous body which was excellent like the example 1 of an operation 

gestalt was able to be obtained. 

[0079] 

[Table 2] 

(3E2) 







Cg/cc) 


GaVg) 


3 


DTA 


0. 66 


712 


4 


OTA 


0.65 


650 



[0080] The example of four examples of an operation gestalt is the adsorption heat pump which used the high density 
porous body concerning this invention as an adsorbent, as shown in drawing 6 . In addition, although this example is a 
direct-vent-system adsorption pump, the high density porous body of this invention can be used as an adsorbent also 
in release type adsorption heat pump. 

[0081] Next, the direct- vent-system adsorption heat pump 2 of this example is explained. The above-mentioned 
adsorption heat pump 2 consists of piping 25, 27, and 28 and the bulb 26 which connect mutually an adsorber 21, an 
evaporator 22, a condenser 23, and these, as shown in drawing 6 . And the adsorbate circulates through between these. 

[0082] By switching the above-mentioned piping, the above-mentioned adsorbate faces to an adsorber 21 through the 
adsorption (Ads.) piping 28 in the state of a steam from an evaporator 22. Then, the above-mentioned adsorbate 
passes along the Resorption (Des.) piping 25 from the above-mentioned adsorber 21, and circulates to a condenser 23. 
Furthermore, the above-mentioned adsorbate is again returned to an evaporator 22 via piping 27 from the 
above-mentioned condenser 23 after that. In addition, the piping 210,220,230 for heat exchange is formed in the interior 
of the above-mentioned adsorber 21, an evaporator 22, and a condenser 23. 

[0083] And the temperature of an adsorbent is made to go up and down according to the low temperature of 
temperature Ta and Treg (TaCTreg), and two hot heat sources. This repeats the cycle through which it circulates from 
adsorption to desorption. In addition, cold energy (Tcold) can obtain warm temperature (Th) by swerving, swerving and 
taking out a heat of adsorption [ in / for endoergic / in an evaporator 22 / an adsorber 21 ]. 

[0084] The adsorbent which consists of a high density porous body concerning this invention is installed in the interior 
of the above-mentioned adsorber 21 in the above-mentioned adsorption heat pump. Inside the above-mentioned 
adsorber 21, in order to make easy heat exchange between the above-mentioned adsorbent and a heat carrier, it 
arranges so that many metal fins may lap. The above-mentioned adsorbent can be made granular and the clearance 
between the above-mentioned metal fin and a metal fin can be filled up with it. Moreover, a coat can also be carried 
out to the front face of the above-mentioned metal fin. 
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[0085] In addition, when carrying out the coat of the above-mentioned adsorbent to especially the above-mentioned 
metal fin, the coat of the adsorbent may be carried out to it to the metal fin simple substance before attachment by 
the adsorber 21, respectively. Moreover, after assembling an adsorber 21, the coat of the above-mentioned adsorbent 
can also be carried out to the metal fin of the interior. 

[0086] Since the high density porous body concerning this invention is used as an adsorbent according to this example, 
the effectiveness that high refrigerating capacity is discovered by use of a little adsorbent can be acquired. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The explanatory view of the high density porous body concerning (a) this invention in the example 1 of an 
operation gestalt, the explanatory view of the meso porous body of (b) former. 

[Drawing 21 The diagram showing the nitrogen adsorption isotherm in the example 1 of an operation gestalt. 

[Drawing 31 The diagram showing the pore distribution curve in the example 1 of an operation gestalt. 

[Drawing 41 The diagram showing the steam adsorption isotherm in the example 1 of an operation gestalt. 

[Drawjng 51 The diagram showing the powder X diffraction pattern in the example 1 of an operation gestalt. 

[Drawing 61 The explanatory view showing the structure of the adsorption heat pump in the example 4 of an operation 

gestalt. 

[Description of Notations] 

1 ... a high density porous body, 
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[Drawing 21 
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DDT A 7 . 7 1gMH 2 018g©MWt 
fee ^rOtt^^n-fe^HilBWPH irlRj«"CfcS 0 
MJKrtfcKiJ: t>#e>*ifc* y#Hffjftsjt«K»c l x*h 

So ^LT, Jt»S*»l^*5^6m*|-^<C>H 2 O/S i 

[0 0 6 1] ±1B»ifi*fe^J3V^r, TMOS1 

5. 2g^7K3. 6 g&0*2NCDi£^0. lg» 

DDT A 7. 7 1 gRXfH 2 0 3 6 g ©»iH&£rSSan L 

J: y#a*3ftsit«iwc 2 -cfc^o 

^tt f lfc(fttt»2^*3Jt5JS3PI' , t 1 ^H 2 O/S ilttt 
2 2Tfcof; 0 

[0 0 6 2] £JL±(c:«J:0#f>n^3|sfi, 2&OTt&i* 
»C1, C2©»«*&t^lt*BDaSrjll!l^bfeo ±fBSS 
fcWH, 2&tfit«IWCl l C2(^)li^ 

1 ic^-f 0 

[0 0 6 3] wawcAixtf, 2tt, Jt&fWc 

1, C 2 i *9 t>SV^**Sr*-f5r irds^ofco * 
fc, IWl, 2tt, JfctJfcWci, C2 J:ip^ii5v>tt:^ 
»tt5rt^ofc 0 Hot, tWi, 2ttJt 
SWfCl, C2^it$55Lr, K#«K4*fctt««^ 

2tt, J:0i«^»m&£WLT^5fca&, 
^S«*t5»^i:fcv^i) f Jfc«K»Cl, C2H 

[0 0 6 4] ^lco, £S!ft**SJft, MUM 



SMfriM*, 7klR*K3»*ail»Xt5»*Xil«im*fSrW«*> 
SVM*tmu H2-IU5iC^LfCo I2 2tt£* 

So m«:Kl2^b^*!»#*ai»^e>, Cran 
ston— Incal y^£Jf}V\ fj-^Lbfc 0 

[0065] -£ft, ®4n*.mz&mB-e3bZo -fttt 

P^/V|l(DBELSORP 1 8Srtt^U 2 5t:^*5 

#r^ — ^-Cfe6o ~ntt3S^RAD-B3£®£rfflV\ 
CuKa$rXHltU, 2^ (20) /#tCT**^r 

0. 3mm-lStfcofCo 

[0 0 6 6] E2o£i(S®#»&i»J;!I>, WUtt, {£ 
tt*tiK«EE (p/po) ^bWv^BWMft^U p/p 

0 = 0. 2X&mifX (STP, (CUT, 2 

00cc/gO®[|t^lt r Wii: 

[0 0 6 7] El4^7KJR*K»*fflj»-eW: f Witt, 
p/po = o~o. 3 <D«SKrt-c*# < MHfe&sgEflrt- 
Sfcv^SWtt^bfco p/po = o. up/po = 

0. 3cD^C07K^C0P^4tt, *r*veft0. 07g/ 
g< !:0. 2 8 g/gt^ot i««&#*Lft:o. 71 g 

0. 05g/ccH. 2g/cc£ft<9, ^rCO^tt 

0. 15g/ccm, IP*), »wms»*«2©j*i 

[00 6 8] ^fc, 1^— OWPH £H£/SLT 2 
^t^^ofco 

[0 0 6 9] gi5<D^xH[u^^— ^-c tt, m$tft 

*Lfc*»ofc 0 <fcoT, Witt, fflfflftftlfiMHktt* 

[0070] j^jii 9 , wn- 1 nmwm^^mmnm 

LTV^V^S, 1. 5nmW^tW-»til 
[0 0 7 1 ] 

[^1] 
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(«1) 





K»Na 


H,0/Si 


(g/cc) 


(n'/g) 




L 


2 


0. 71 


1066 


m 


2 


4 


0. 55 


1022 


it 


C 1 


1 2 


0. 38 


950 




C 2 


2 2 


0.35 


765 



[0072] rnmmmm 2 

[00 7 3] TMOS15. 2 g (CtK 3 . 6 g 2 N 

<nmu ktimtitzx*) nbti±mm\z, ddta7. i 

[0 0 7 4] ±IB3»WR-C*>S^y*/»ffi« 
[0 0 7 5] ^JS^li^ 3 

co^igico^^-ra^o-efe6 0 *W3, 4^^ 

£U-o#, fft^-TSo TMOS15. 2g^7K3. 6g 
&tf2NCD:E&jfo0. lgWDU MtmW 

(D T A) 7. Olg^rlMPU *»BB«b<«* 
b, JWttJi»6tt*feD*UJe>fc. Hie, #f,Hfc^Sr 

[0 0 7 6] ±12 V y #/^ffi^#m^#*r«fl* b, 

> y */nmmi&m&i* * <o , #®?&^j«r»* b 

fflbT, Jffifei 00—1 5 0 Mm(C^ffx.fc 0 EJLblcJ: 
0 , *fcH lOO-150/i m<Z5»^(Dii5***?Lf*:Sr 

*S, «»3{C*5ftSl^)|B|- ( t 1 <Z>H z O/S iJtl*2T?*>o 



fc 0 

[0 0 7 7] *fc, JiiB«JP^!f»^lCJ:«9»fettfc* 
A^d-e^ K (OTA) 6.3 1 g^Dt, ±MtW\ 

#fc 0 r*L*s»t»4|C36»*»5iB**#IL*-C*)*o ft 

jo, W»4jC*3ltSJ©3fS[-^<OH 2 O/S iitWt2"Ca>o 

[0 0 7 8] ^bT, WH-3, 4(CoS, £ffifl£tB0l|l 
fcWl©*fticr, *&&&tNfc^ffiffl£»Jj£bfc 0 r 

T, DTA, OTA^ffibfc#^(C*3V>Tt>, ^Ife^ 

[0 0 7 9] 
1^2] 



(*2) 







(g/cc) 


*m 


3 


DTA 


0.66 


712 


4 


OTA 


0.65 


650 



DTA- -r^k f U /f^TVtr.^^Dv^ K 



[0080] mmmmm4 
ft**, *«««Biaa#>Kv^-c*>&3fts, 

[0 0 8 1] ^(0^^^^ft-b^^^2(r 
o^T^i-^) 0 ±fa»»t— hzK^2Wt, HI61C^ 
•rr # i:<, !R»#2 1, IM2 2, M2 3, ^b 
Trftb&£VMC**S-rSfi*2 5, 2 7, 2 8^(F^ 
/K/26£9ft6o ^bT, rttb<OMISr»#«td5«ai 
bTV>£ 0 

[0 0 8 2] ±fBE**i5O0*;t5r fcKiJ:*), ±IEP^ 
#Jtr^*<Ottlll'^«*»2 2 3ft^!a# (Ads. ) BB 
*2 8«rii9»#*2 l^Wd>5. ±IB«#« 

14, ±IBK**2 l^bJK,* (Des. ) gaW2 5^il 

•9, we«2 3-^«sii-So Mtc, ^com, ±iaK# 

±IE^^ 2 3 J: «9 , Ef2 7 ^r^fi It St5# 

M2 2^Hsns. ft*?, ±e»«2i, mmm 

2 2, m«2 3 0MKltt, ^«ffifif2 10, 2 
2 0, 2 3 0flStSttT*>5o 

[0 0 8 3] ^bT, filTaMT r e g (T a <T 



-8- 



^ ? >\>*wmr« »«(Tcoid) 

^3&«2 2fcd3lt*»l»* f &Mt (Th) tt»#*2 1 

[0 0 8 4] *»Wfc^»*«*«#?L#:J:9 7a:S»# 

Affile a- hi~5 r £ t?# £ Q 
[0 0 8 5] Jfc*5, ^ic_his^m^^ ^tc, _bfa^^j 

v\ ®^2 i%m&&xrzmz, z<Dfti$<D& 

So 

[0 0 8 6] ^ICctiXf^, 

[■1] 



[0 0 8 7] 

±m<ozt<, *&m\£±ti&, 

[HI] Hlfe^««l{C*3tt«, (a) ^^(d^S 
ffi«A#?Lfl:0>K9IBI, (b) y#?Lft©»!« 

(Ho 

[®2] ^^fi^ji^ite, 

[0 4] X)re^llC4SI?£, ^K«R*«tU»^^ 

[HI 5] ^Kfe^lfiWi^itS, Wx«/^-y 

[06] H*»*«4(C*3^5, 

[flF^<£>t&lE] 
1. . • «**#?Ltt, 



[02] 
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[H4] 



[!H6] 



(a) 



(b) 
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